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Abstract: The installed capacity of wind turbines in Ireland increased from a 
value of 2,250 MW in 2014 to 3,318 MW in 2017, a 43% increase in the four 
years, supported through climate mitigation policies. The main aim of this 
study is to determine if the increase in wind turbine installed capacity is 
impacting on efforts to reduce CO2 emissions. The study utilises a review 
methodology. The findings show that the steady rise in wind turbine installed 
capacity year-on-year is not reflected in the Irish CO2 g/kWh energy 
benchmark. The benchmark value was 457 g CO2/kWh in 2014 and 437 g 
CO2/kWh in 2017, an improvement of just 5%. There is no consistent 
correlation between the increase in wind turbine capacity and a reduction in 
CO2 emissions. Future research into the quality of the wind turbine power 
output is recommended, in particular, the variability aspect in the power output 
signal. 
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1 Introduction 
Energy systems in many countries around the world are moving toward decarbonised 
energy systems (Senatia and Bansal, 2018). The energy sector, which includes many  
sub-sectors such as power generation, industry, transport and HVAC, contribute over 
60% of global green house gas (GHG) emissions (Sgobba and Meskell, 2019). Wind 
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power is perceived to be a major player in meeting the energy demand sustainably (Wang 
et al., 2019; Arbabzadeh et al., 2015). This review study analyses the effectiveness of 
wind turbines, used as alternative (renewable) energy sources, to reduce harmful GHG 
(mainly CO2) emissions associated with traditional fossil-fuel driven power generators. 
The subject being reviewed is CO2 emissions. One of the reasons for the selection of the 
review methodology is that it is possible to access a large amount of relevant available 
data in a short space of time. There is many historical data available for public scrutiny 
that is linked to the area of CO2 emissions. The data accessed for this current study is 
quantitative with two of the main variables being 
1 the quantity of CO2 emitted for every kWh produced 
2 the total installed capacity of wind turbines connected to the Irish electricity system. 
An advantage of using quantitative data is that it is objective and therefore adds rigour to 
the study. While methods to analyse qualitative data have improved mainly due to the 
development of qualitative data analysis software, there is still a risk of inconsistencies in 
the data analysis process due to the, still necessary, human input to the process (Bergin, 
2011). Social science concerns are very suited to qualitative research methods, while the 
natural sciences are generally suited to quantitative research methods. Publications 
relating to practical results from experiments, case studies, and action research are 
reviewed in addition to publications proposing theoretical models utilised to evaluate 
renewable energy effectiveness. One of the disadvantages of the theoretical approach is 
that the models may not have the capability to consider all the impacts that variable 
renewable energy resources (such as wind and PV) bring to the electricity system 
(Senatia and Bansal, 2018). While the review research methodology does not produce 
any new data in a particular study, it allows for an assessment of a phenomenon with 
already available data and identifies areas in which further research would be beneficial 
(Chen et al., 2014). The case study and survey methodologies are not utilised in this 
current study because there are already available relevant data that is 
1 accessible 
2 up-to-date. 
Section 1 outlines the background to businesses embracing a social responsibility to 
protect and respect the natural environment during its operations and activities. The 
deployment of wind turbines in this context can mitigate the harmful effects of burning 
traditional fossil-fuels in electrical generators. Electrical consumers are now becoming 
also producers at a local level; they produce distributed energy with decentralised 
systems located nearby, satisfying their own energy needs and any excess energy may be 
exported back to the national grid (Sgobba and Meskell, 2019). The focus is 
predominantly on the Irish CO2 emission reduction benchmarks, but global emission 
results are also briefly discussed. The roles and influences of several stakeholders in the 
wind energy industry are also discussed in section 1. European Union (EU) climate 
mitigation policies on renewable energy and GHG emissions have influenced the 
electricity sector of the Member States such as Ireland, and these policies have driven the 
acceleration of wind farm deployment in Ireland, supported through market support 
mechanisms (Gaffney et al., 2017). While wind is the dominant renewable energy 
technology preference, other renewable energy options are discussed in Section 2. 
Section 3 collates the results of CO2 emission reduction efforts from several government 
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publications and peer-reviewed publications. Both macro-level (national energy 
benchmarks in Table 5) and micro-level (10-kW and 300-kW embedded wind turbines) 
results are presented. The conclusions to the review are discussed in Section 4, which 
includes recommendations for future research. The objectives of the study are 
1 to quantify the installed capacity from wind turbines in Ireland currently 
2 to analyse Irish energy benchmarks to evaluate if the steady increase in wind turbine 
capacity is helping to reduce CO2 emissions in a similarly steady manner. 
This study uses empirical quantitative data in the CO2 emission evaluation process in 
contrast to the projections and simulations used by Tian and De Wilde (2016) and also 
neural network modelling used by Woo and Cho (2018). Ma et al. (2019) forecast the 
CO2 emissions in Shandong Province (China) from 2017 to 2030 using four different 
scenarios. In a similar vein, Ozer et al. (2017) use different scenarios to simulate CO2 
emission reduction of the electricity sector in Turkey. Ozer et al. (2017) utilise the  
long-range energy alternatives planning (LEAP) system model and calculates the CO2 
emission mitigation costs for each scenario. 
1.1 CSR – environment – electrical power generation link 
Holme and Watts (2000) declare that ‘corporate social responsibility (CSR) is the 
continuing commitment by businesses to behave ethically and contribute to economic 
development while improving the quality of life of the workforce and their families as 
well as of the local community and society at large’. CSR and its related term sustainable 
development (SD) (Weber et al., 2014) can be considered to be a decision-making 
platform that reflects a firm’s financial, human, and environmental impacts (Maniora, 
2018) illustrated in Figure 1. The three dimensions of the decision-making process have 
been considered by Elkington (1997), who devised a framework entitled the  
triple-bottom-line (TBL). The TBL accounting concept shifts the focus from a business 
being assessed on its financial bottom line alone to one that also considers its social and 
environmental bottom lines (Anvari and Turkay, 2017). One of the appropriate business 
decisions to be made, in the context of the environmental bottom line, is the decision to 
obtain a source of electrical power that is crucial to business operations. Traditional 
sources of electrically generated power were focused mainly on the process of 
combustion of fossil fuels such as coal, gas, and oil. Much research claims that in the 
combustion process, harmful GHG emissions take place. One of the methods used to 
reduce such environmentally-damaging GHG emissions, including CO2 emissions, is to 
reduce our dependence on fossil fuels by examining alternative sources of electrical 
power (Pusat and Akkoyunlu, 2018). This current review focuses on one specific aspect 
of CSR/SD, namely the environment, and more concisely one aspect of the environment, 
namely climate change and how alternative energy systems can help to mitigate climate 
change by reducing harmful GHG emissions. This study reviewed publications such as 
EU Directives, Irish government papers, reports on company websites, and peer-reviewed 
journal articles. Energy benchmarks are utilised to evaluate public and private efforts to 
reduce CO2 emissions. Benchmarking is a systematic process of comparing performances 
of similar organisations or processes in order to learn from the best performers and 
thereby improve one’s performance (Petrovic et al., 2018). Benchmarking in this study 
compares energy benchmarks systematically year-on-year to identify best performing 
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years and discuss factors that are expected to influence such benchmark values. Finding 
the best performers will assist in the energy policy decision-making process. CSR/SD is a 
decision-making platform that encompasses environmental, social, and economic 
components (Figure 1). Alternative energy systems are part of the environmental 
component and include solar photovoltaic (PV) panels, hydro-electric, biomass, and wind 
turbines (Table 2). Publications in the environmental dimension of CSR/SD have dealt 
with issues such as water security (Whaley and Weatherhead, 2016), pollution (Galupa et 
al., 2014), deforestation (Tsurumi and Managi, 2014), waste disposal (Ghoseiri and 
Lessan, 2014), loss of biodiversity (Santos et al., 2015) and specifically in this review the 
phenomenon of climate change and global warming (Anderson et al., 2016; Pusat and 
Akkoyunlu, 2018). This issue of climate change currently exercises the most discourse 
and debate in current times (Carrington, 2016). The decision to implement wind power 
projects to mitigate climate change and global warming and safeguard scarce resources is 
considered to be part of the environmental component (Figure 1) of CSR/SD (Wolsink 
and Breukers, 2010). 
Figure 1 Triple-bottom-line (see online version for colours) 
 
Source: Elkington (1997) 
1.2 Ireland’s energy-related CO2 emission reduction targets 
As a member state of the EU Ireland is committed to reducing environmentally-damaging 
CO2emissions by complying with EU directives. One such directive is the EU Directive 
2009/28/EC, which mandates the levels of renewable energy use within each member 
state. The Directive sets a target for Ireland of 16% share of energy from renewable 
sources in the gross final consumption of energy in 2020. Failure to reach this binding 
EU target will result in substantial fines being imposed on the Irish government. A 
breakdown of this EU overall target of 16% shows that 40% of electricity generation is 
due to come from renewable sources, and this currently stands at 30.1% [SEAI, (2018),  
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p.23]. Irish government energy policy has prompted recent intense activity in wind 
turbine proposals and installations in the expectation that wind will be a significant 
contributing factor in reaching that 40% target, making Ireland one of the highest 
penetrations of variable wind power in the world (Gaffney et al., 2017). It is expected that 
every unit of energy generated by carbon-neutral wind turbines ‘offsets’ pollution that 
would have been emitted by the burning of fossil fuels in a conventional generator 
(Cullen, 2013). The burning of fossil fuels in traditional electricity power generation 
plants produces pollutants such as carbon dioxide (CO2), nitrogen oxides (NOx), and 
sulphur dioxide (SO2) and is thought to be contributing to the well documented 
undesirable increase in global temperatures. As a result of these pollutant emissions, there 
is a generally accepted need for businesses to either reduce the number of kWh energy 
units they use (demand-side-management) as suggested by Cai et al. (2018) and/or 
purchase electricity from renewable energy sources [supply-side-management (SSM)] in 
order to help address this threat of global warming. Wind turbines are perceived to play 
an essential role as carbon-neutral renewable energy sources of electricity (Table 2). 
However, despite the renewed interest in wind turbine projects, there appears to be a 
dearth of empirical research conducted into the measured outcome evaluation of the 
expected benefits to the environment by deploying wind turbines. Some authors 
(Karassin and Bar-Haim, 2016) suggest that one of the reasons for this may be that there 
is no single standard measurement system that accurately represents and allows 
comparison of environmental performance across different industries. Their study 
(Karassin and Bar-Haim, 2016) involving regression analysis was conducted in  
2013–2014 and involved 11 medium and large Israeli industrial facilities. Fifty-four top 
managers were interviewed, and 412 workers responded to a questionnaire as part of the 
data collection process. They claimed that the filling out of the sustainability reports 
which is carried out on a self-reporting basis has the potential to impose a limitation on 
data availability (that which is measured), transparency (that which is released or 
reported), and quality (accuracy and truthfulness of the data reported). Karassin and  
Bar-Haim (2016) claim that these limitations are most evident in countries where 
compliance databases are sparse. The development of a standard measurement system 
may require collaborative research involving engineers, managers, and economists. 
1.3 Power performance of wind energy systems 
Wind-generated power is considered one of the most promising options in the global 
efforts to reduce CO2 emissions (Huenteler et al., 2018). However, one of the problems 
associated with wind-generated power is the random nature of the power output due to 
the randomness of the source wind (Sgobba and Meskell, 2019). The output power 
variations are a function of short-term wind speed variations (Wan, 2004). Long duration 
wind variations cause problems, e.g., congestion and reliability of the system, for the 
network operators who can put in place established strategies like generation forecasters, 
dispatch and contingency analysis, and real-time control (Senatia and Bansal, 2018). 
Long duration wind variations are generally in the hour or half-hour time frames. By 
contrast, turbulence and gusts are examples of short-duration wind variations, variations 
in the wind velocity from 10-minute averages, the effects of which are more challenging 
to observe. Research by Roy (2013) sought to estimate the standard deviation (SD) of  
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power output by a wind turbine generator in the presence of short duration wind 
variations. The author uses the two-parameter Weibull statistics as a description of wind 
variations around stable mean values. The Weibull probability distribution function uses 
the quadratic relationship between wind power and wind speed. The short duration output 
power and the output power variability are estimated using the generally available 
turbulence intensity measure. Turbulence intensity is the ratio of the wind speed SD to 
the mean wind speed, determined from the same set of measured data samples and taken 
over a specified period (I.S. EN 61400-1: 2005). Research by Lin et al. (2012) sought to 
quantify the variations in wind turbine power output using field-measured wind power 
output data, the data being obtained using 1-minute average data. Four different types of 
wind farms were analysed in the research by Lin et al. (2012): 
Type 1 Induction generator with fixed rotor resistance, fixed speed. 
Type 2 Induction Generators with variable rotor resistance, variable speed. 
Type 3 Double-fed-induction-generators (DFIG). 
Type 4 Generators with full-power converters. 
Research by Boutsika and Santoso (2013) concludes by stating that the DGIG type of 
wind turbine (Type 3) has room for improvement when assessing wind power variability, 
and a full power converter (Type 4) may be a more practical option. 
Kose et al. (2014) predicted a simple payback period of 6.44 years on a 6-MW wind 
farm in Turkey. The predicted value was based on statistical analysis on wind data 
accessed over one year. An empirical study by Kealy (2014) on a three phase 10-kW 
synchronous generator with full power converters calculated an actual simple payback 
period of twenty-three years. Part of the disappointing findings from the study by Kealy 
(2014) was the actual capacity factor of 8.3%. Henaghan (2013) analysed capacity factor 
data from 77 wind farms in Ireland for over five years. The range was between 38.48%, 
to 19.36% with an average value of 27.9%. An empirical study by Kealy (2017) found 
that the installation of a 300-kW embedded DFIG wind turbine (Type 3) failed to reduce 
the amount of CO2 emissions associated with a Small-Medium-Enterprise (SME) and the 
project was not financially viable. The International Standard IEC 61400-12-1 (Wind 
Turbines – Part 12-1: Power performance measurements of electricity producing wind 
turbines)is a methodology used to measure and analyse turbine power performance. 
While it is a welcome development that such evaluations are standardised, the IEC 
61400-12-1 method uses an estimated annual energy production value in its performance 
appraisal. The estimated and actual energy production values may vary significantly, as 
found by Kealy (2017). A study by Huenteler et al. (2018) compares the potential to the 
actual performance of (Chinese) wind farms performance with disappointing results. The 
significant issues identified as inhibitors to better wind turbine performance were 
1 delays in grid connection 
2 constraints in grid management. 
Actual verified data was also utilised in the study by Hayashi et al. (2018), who examined 
the enablers in improvements in wind turbine generation performance. The study by 
Hayashi et al. (2018) was also based in the rapidly expanding Chinese wind power 
industry, and a learning curve analysis was undertaken based on a dataset of 312 Chinese 
wind farms. 
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1.4 Stakeholders in the wind energy industry 
1.4.1 Independent Irish wind energy operators 
Three of the leading independent developers and operators of wind energy projects in 
Ireland are Gaelectric, Mainstream Renewable Power and Element Power. These 
companies also operate in the global renewable energy market. Gaelectric was founded in 
2004 and in September 2016 had 174-MW of wind generation connected to the grid. 
They developed energy storage projects in Northern Ireland, the UK, and the European 
mainland (Gaelectric, 2016). However, Gaelectric experienced trading difficulties due to 
the constant financing strains created by the development of stage wind farms, and when 
a Chinese state-backed fund pulled out of a merger deal, the company became insolvent. 
The level of Irish government support for the renewable energy sector allegedly 
disenchanted the Beijing-based company (Friemann, 2018). Mainstream renewable 
power was founded in 2008 by Eddie O’Connor who sold his previous company 
Airtricity to SSE and E.ON for €1.8 billion. Mainstream has offices in eight countries, 
across five continents and currently, employs 140 staff (Mainstream Renewable Power, 
2016). Element Power was established in 2008 and has operations in eight countries. 
They develop, acquire, build, own, and operate a portfolio of onshore wind and solar 
power generation facilities worldwide (Element Power, 2016). 
1.4.2 Global growth and promotion of wind turbine developments 
While Blyth built the first wind turbine for electricity production in Glasgow in 1887 
(Jones and Bouamane, 2011), it is only in recent decades that a sizeable number of 
articles concerning wind turbines began to be frequently published. Although they were 
not the first country to use wind power to generate electricity, it was in Denmark that the 
wind industry began to develop as a business venture wholly. In 1959 a Gedster wind 
turbine designed by a Dutch engineer named Johannes Juul began operating. The 200 kW 
turbine ran for ten years as the largest turbine in the world until it was shut down in 1967 
(Jones and Bouamane, 2011). The Danish wind energy industry was further intensified 
when agricultural equipment manufacturers such as Vestas and Nordtank diversified into 
wind turbine manufacturing in the 1970s and 1980s. These companies knew how to build 
heavy machinery for a rural market and used these competencies to good effect in the 
design, manufacture, construction, and maintenance of heavy industrial wind turbines 
(Jones and Bouamane, 2011). While the global wind industry is smaller than the global 
conventional power generation technologies, it has received significant interest in the past 
couple of decades (Xu et al., 2016). The global wind power industry had record-breaking 
years in 2014 and 2015 with a 22% annual growth rate in 2015 while the country with the 
most power installed during the year was China with 30.8 GW of new installations 
(Global Wind Energy Council, 2016). China now has 77 GW of PV installed capacity as 
of 2016 (Senatia and Bansal, 2018). Other countries to have a steady wind growth rate in 
2015 were Canada, Brazil, and Mexico. As of the end of 2016, the worldwide total 
installed electricity generation capacity from wind power amounted to 486.79 GW which 
is an increase of 12.5% on the 2015 value (Mauricio et al., 2018). 
In a significant research piece from a European perspective, Gonzalez and  
Lacal-Arantegui (2016) present an overview of the regulatory framework for wind energy 
in the EU member states. Firstly the 2016 review paper presents the main aspects of each 
EU member states’ National Renewable Energy Action Plans (NREAP), while secondly 
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concluding with an analysis of actual developments of wind energy activity in each 
member state. One of the main aspects discussed in this piece was the support schemes 




4 quota obligations 
5 tax incentives or exemptions 
6 investment grants 
8 financing incentives. 
Commenting on grid connection, Gonzalez and Lacal-Arantegui (2016) highlight other 
issues such as cost allocation, priority use of the grid, and potential barriers for wind 
energy deployment. They concluded that there is a strong link between a favourable 
regulatory framework and actual deployment of wind energy. Some EU member states 
have a strong commitment to supporting wind energy while other member states have not 
provided enough support to stimulate the desired level of investment. 
1.4.3 Wind turbine manufacturers 
There has been a rapid accumulation of experience and knowledge by wind turbine 
manufacturers over the recent past number of years. There has been a significant capital 
investment in global wind turbine installations, with a particular emphasis in the larger 
wind turbine sizes which, some authors claim, appear to outperform the smaller wind 
turbine sizes (Daisuke et al., 2018). The information for the top global wind turbine 
manufacturers is taken from what is claimed to be the leading independent news 
magazine reporting solely on wind energy matters entitled Wind Power Monthly (2016). 
The magazine has been reporting non-stop since 1985. The top ten wind turbine 
manufacturers account for almost 270 GW of global installed capacity and much of the 
recent technological progress (Wind Power Monthly, 2016). The major global wind 
turbine manufacturers are listed in Table 1. 
Table 1 Major global wind turbine manufacturers 
Siemens Market leader in offshore wind turbines. Siemens turbines have been running for 
more than 20 years at Vindeby, Denmark, the world’s first offshore wind farm. 
Siemens has approximately 348,000 employees in over 200 countries (Siemens, 
2016). 
GE US manufacturer. GE Energy’s 1.5-MW series is the most widely-deployed wind 
turbine, with more than 16,000 installed across the globe (GE Renewable Energy, 
2016). 
Vestas Focused completely on the wind industry, based in Denmark. They have been in 
the wind industry since the 1970s, and there are now more than 43,000 Vestas 
turbines installed in 66 countries. Vestas has offices in 24 countries (Vestas, 
2016). 
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Table 1 Major global wind turbine manufacturers (continued) 
Goldwind Recently emerged as China’s leading turbine manufacturer. Goldwind claims to be 
the worlds’ leading manufacturer of permanent magnet direct-drive turbines. They 
produce 1.5-MW and 2.5-MW wind turbine models (Goldwind, 2016). 
Enercon The company was founded in 1984 as a dedicated wind turbine manufacturer. 
Enercon now has more than 20,000 turbine installations around the world. The 
German company depends heavily on the German market (Enercon, 2016). 
Gamesa Spanish manufacturer with a strong presence in India and Latin America. They put 
a significant focus on the servicing industry. They now have manufacturing plants 
in the USA, Brazil, China, and India (Gamesa, 2016). 
United 
Power 
This company is part of one of China’s most prominent power producers, China 
Guodian (United Power, 2016). 
Ming 
Yang 
This company is based in China, but unlike the other Chinese wind turbine 
manufacturers does not benefit from being state-owned. The company was 
established in 2007. The company is heavily dependent on European technology 
and expertise (Yang, 2016). 
Senvion German turbine manufacturer formerly called Repower. They employ 
approximately 3,500 people in 14 countries (Senvion, 2016). 
Nordex Based in Germany, Nordex is one of the pioneers in wind turbine technology. It 
produced the first megawatt-size turbine in 1995 with the N54-1MW model 
(Nordex, 2016). 
1.4.4 Wind turbine installers 
There is minimal research published about wind turbine installers. Local electrical 
contractors may complete the installation work under the strict guidelines of the project 
manager. The Irish Wind Energy Association (IWEA) (2016) provides several services 
on their website among which is a directory of wind turbine installers. The contact details 
are listed for each of these installers. The IWEA is a non-governmental-organisation 
(NGO) who claims to be committed to the promotion and education of wind energy 
issues. They are also a lobbying group who work to influence government policy on 
renewable energy. The equivalent association in the UK is the British Wind Energy 
Association (2016). 
1.4.5 Local communities 
In a study by Firestone et al. (2018), some barriers were identified that affect wind 
turbine developments in the USA. A positive attitude by communities residing in 
proximity to wind turbine developments was identified as an essential facet for the 
success of the projects. Such a positive attitude was helped by a developer who was open 
and transparent to all aspects of the wind turbine project, including the aesthetics, 
landscape, and wind turbine noise issues. In a similar vein, the acceptance by local 
communities of wind energy technologies was deemed to be crucial to the success of 
such projects (Langer et al., 2016). In a qualitative study, using the interview research 
methodology conducted with a range of stakeholders in the German region of Bavaria, 
Langer et al. (2016) identified the factors that influenced the acceptance of wind energy 
in that region. Factors that emerged from this study included 
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1 the distance of wind turbines to the place of residence 
2 the visual appearance of wind turbines 
3 involvement of citizens and societal actors in the project mainly in the participation 
of profit or rental income 
4 the perception that the political process towards sustainable energy development is 
shaped by trust, transparency, and the perceived fairness of the development process. 
Langer et al. (2016) found that some of the local community not directly involved in the 
wind energy project can feel envious if they suspect that the wind turbine owners are 
getting a good profit on the investment while they are left out. Supporting these findings 
and within an Irish and Scottish context, Warren et al. (2005) carried out two case studies 
using face-to-face questionnaire surveys conducted at residents’ homes which explored 
the public perceptions of onshore wind farms in those areas. A vast majority of the 
negative responses within the study’s results were attributed to the wind turbine being 
unattractive, the aesthetic nature of the turbines being the most important single influence 
in public attitudes (Warren et al., 2005). There were some positive responses to the 
acceptance of the turbines, particularly in Ireland, with the not-in-my-back-yard 
(NIMBY) effect diminished over time. The worry by residents that noise pollution could 
be a factor was not a finding in the study by Warren et al. (2005). It is claimed that some 
wind turbine developers and local communities use their political power by lobbying 
government personnel to guide activity in the alternative energy area (Lock and Seele, 
2016). Research by Wolsink and Breukers (2010) found that a more collaborative 
perspective on decision-making about wind power increased the chance of successful 
outcomes in the venture. Host communities have certain expectations regarding 
involvement in, and revenues from, wind farm installations. 
2 Other renewable energy source options 
While wind projects made the most substantial renewable energy contribution in Ireland 
in 2017, Table 2, there are other renewable energy sources available for consideration 
and these include bioenergy, solar PV, hydro, and ocean energy sources. Table 2 displays 
the sources of renewable electricity by technology and their installed capacity and 
contribution to gross electricity consumption in Ireland in 2017 (SEAI, 2018). Poor 
decision-making manifests itself in the lack of exploring suitable alternatives (Snell, 
2010) so perhaps solar PV and hydro renewable energy sources could be considered in 
more detail as potential alternatives to wind in SSM strategies. While solar PV is a 
relatively new addition to Ireland’s energy mix, hydro-electric has a long and established 
history dating back to the foundation of the Irish state (Gaffney et al., 2017). During the 
infancy of the development of Ireland’s electricity sector in 1929, the Ardnacrusha 
hydro-electric plant on the river Shannon was adequately sized to meet the entire national 
electricity demand thereby making Ireland’s electricity 100% renewable. The Shannon 
hydro-electric scheme utilised a 30-metre head height on the river to deliver an electrical 
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commissioned in Ireland since the Ardnacrusha plant is the pumped hydro energy storage 
plant at Turlough Hill, with an installed capacity of 292 MW (4 × 73 MW). One of the 
issues that must be considered when planning a hydro-electric plant is the welfare of the 
fish stock that passes through the waters on which the plant is constructed (McCarthy  
et al., 2008). 
Table 2 Renewable energy contribution to gross electricity consumption, res-e normalised 




Landfill Gas 0.5 
Biogas 0.1 
Solar PV 0.04 
Total 30.1 
Source: SEAI (2018, p.34) 
The biomass contribution of 1.8% includes a small contribution of solid biomass CHP 
(combined-heat-power). The overall share of electricity from renewable energy increased 
significantly between 1990 and 2017 with a value of 5.3% in 1990 and 30.1% 
(normalised) in 2017. Biogas consists of landfill gas, sewage sludge gas, and other biogas 
produced by anaerobic digestion. The landfill gas contribution is reported separately, as 
shown in Table 2. SEAI warns that the value of the biogas contribution (waste-water 
Treatment plants and other Biogas installations in industry) to the Irish national energy 
balance shown in Table 2 is mostly an estimated figure. The estimated figure is due to the 
poor response rates to the SEAI annual surveys. The SEAI state that there are currently 
few grid-connected PV installations in Ireland although interest in the technology is 
growing. They also state that solar technology is one of the technologies being considered 
in the context of the new support scheme for renewable electricity generation. In 
Australia, solar PV accounts for approximately 3.2% of total energy supply. Solar PV 
installed costs are changing rapidly; future prices are expected to be lower, though how 
much lower is uncertain (Perkins, 2018). Solar PV is considered to be a varying power 
source, and this introduces power quality and voltage stability issues. An electrical 
system with high percentages of PV will have to procure inertia resource at an additional 
cost (Senatia and Bansal, 2018). 
In comparison to wind-generated energy, solar energy presents a more predictable 
daily and seasonal trend (Sgobba and Meskell, 2019). Sgobba and Meskell (2019) 
modelled the potential for solar PV (and wind) to produce on-site electricity for  
self-consumption in a manufacturing facility in Ireland. They concluded by claiming that 
a substantial subsidy (e.g., carbon tax) is necessary to make such an investment viable. 
The growth of intermittent electricity generation from solar PV (and wind) is leading to a 
greater need for energy storage at the grid level (Perkins, 2018). Ocean energy (Tidal and 
wave) is in the research and development (R&D) stage and is expected to make some 
contribution in the future. 
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3 Results/discussion 
3.1 Global energy-related GHG (CO2) emission values 
Despite the growing institutional, human, financial, and scientific resources made 
available nationally and globally in the fight against climate change GHG emissions, 
including CO2, continues to rise at an unacceptable rate (IPCC, 2013). Global  
energy-related carbon dioxide emissions increased by 1.4% in 2017 to 32.5bn tonnes 
(International Energy Agency, 2018) and a record of 37.1bn tonnes in 2018 (Rustin, 
2019). Andrade et al. (2015) suggest several factors that may explain the failure in the 
global efforts of reducing emissions, one of which is the lack of implementation and 
effectiveness of the global climate and energy governance regimes. Governance of the 
climate change initiatives is generally of a non-regulatory manner, and it is left up to each 
corporation (and each nation) to report voluntarily stating their non-financial aspects of 
its operations. Prado-Lorenzo and Garcia-Sanchez (2010) suggest that as the TBL 
reporting framework whereby companies show accountability for three aspects of their 
activities (people, profit, and planet) has a voluntary nature, it could be targeted at other 
business objectives. The authors claim that, as the production of these TBL reports 
creates high costs, it may be logical to expect the companies to search for positive effects, 
other than just concealing their less appropriate practices in the field of sustainability. 
3.2 Energy management strategy options 
3.2.1 Demand-side-management versus SSM 
CSR (and its related concept sustainable business development) would appear to 
incorporate all three elements of corporate responsibility, namely people, profit and 
planet (Figure 1). Elkington (1997) proposed a model encompassing all three elements, 
namely the TBL framework. The planet (environmental) dimension of the TBL 
components includes methods by which businesses can reduce their carbon footprint due 
to their business operations. The carbon footprint can be reduced by utilising the 
electrical energy, vital for the business operations, more effectively and efficiently. There 
are two energy management strategies by which this can be implemented; demand-side 
management (DSM), which engages electrical consumers to alter their consumption 
patterns or directly control their loads by offering price incentives (Amarasekara et al., 
2018), and/or supply-side management (SSM), which seeks to implement alternative 
natural energy sources. Irish public policy indicates that both strategies are employed, but 
a significant focus has been in the SSM-oriented wind energy industry (Figure 3). 
However, there may be issues and concerns for local communities who live in the 
vicinity of wind farms (Warren et al., 2005). Also, the effectiveness and efficiencies of 
such a wind energy focus are not definitive (Kealy, 2017). The Sustainable Energy 
Authority of Ireland (SEAI, 2012), stated that because of the increased penetration of 
renewable energy sources embedded in the electricity system: 
• there is additional cycling associated with fossil-fuel generation plants 
• the reduction in the output from fossil-fuel generators causes a reduction in the 
capacity factor of fossil-fuel generators 
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• the efficiency of fossil fuel generators drops when renewable energy sources are 
employed in the system. 
While the output of fossil fuel driven electrical generators is reasonably predictable, the 
same cannot be said about the output from wind-driven electrical generators.  
Wind-driven electrical generator outputs are prone to ramping and uncertainty. This 
ramping phenomenon poses an extra challenge for the electricity system operator. 
Management of the unpredictably of the instantaneous wind speed is usually provided for 
by the intervention of spinning reserve of fossil fuel driven generators. A drop in wind 
speed signals the back-up fossil fuel generators to take up the load under short notice. 
While this is an effective method for managing the multiple sources of generators feeding 
the national electricity grid (fossil fuel and renewable) it has the effect of limiting the 
efficiencies of fossil fuel generators (SEAI, 2012). 
3.2.2 Wind energy as alternative energy systems 
The dominant neoclassical business growth model has put pressure on our vast, but finite, 
natural resources (Catalin and Nicoleta, 2011). Traditionally, most of the electrical 
energy purchased by businesses was generated using fossil-fuel (oil, coal, or gas) driven 
generators but it is now widely accepted that the GHG emissions (such as CO2), due to 
the burning of fossil fuels, contribute to the phenomenon of global warming (Senatia and 
Bansal, 2018). The increase in the average temperature of the Earth’s climate system is 
termed global warming. It is therefore incumbent on business, from a corporate 
citizenship point-of-view and a public relations (PR) point-of-view that corporations 
endeavour to be responsible global citizens by embracing technologies that will reduce 
their dependence on fossil-fuel technology (Pinkse and Kolk, 2010). Empirical evidence 
of businesses embracing wind turbine technology is published in journal articles by Kealy 
(2017, 2014) on a 300-kW DFIG turbine and a 10-kW permanent-magnet synchronous 
wind turbine respectively. The area of GHG emissions is a major political issue gaining 
attention on a global platform (Cozier, 2019). Boiral et al. (2012) claim that social 
pressure to reduce GHG emissions is one of the main determinants or businesses 
commitment to climate change. Faced with increasing pressure from stakeholders, 
companies feel the need to disclose information on climate performance and GHG 
emissions in order to legitimise their industrial activities (Hrasky, 2012). A standard 
method of disclosing information on climate change is through sustainability reporting 
(Perego and Kolk, 2012). Sustainability reporting provides information on the non-
financial aspects of the business operations, including the effect that their operations are 
having on the natural environment. By seeking alternative, renewable, energy sources to 
generate electrical power required in the business and therefore offsetting the amount of 
fossil-fuel driven CO2 emissions, it is anticipated that the effect will be to slow down the 
phenomenon of global warming. It is in the context of a business’s CSR to do what they 
can to mitigate climate change and global warming that many businesses have installed 
on-site embedded/autoproducing wind turbines. Some government energy policies are 
designed to encourage businesses to supply some, or all, of their electrical energy 
requirements, with an expectation of reducing business production and operation costs 
(Kealy, 2017). Renewable energy initiatives appear to be environmentally-friendly 
alternatives to fossil-fuel burning electrical power generators. However, there is minimal 
published empirical evidence to suggest that wind turbines are having the desired effect 
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on reducing GHG emissions. Indeed, Huenteler et al. (2018) claim that wind farms in 
China have produced lower environmental, economic, and health benefits than 
anticipated. This poor result is despite China having the worlds’ most extensive installed 
base of wind power capacity and most of the Chinese wind farms cited in the wind-rich 
northern and western provinces. Wind energy turbines do not generally operate as stand-
alone sources of electrical energy because of the variability and intermittency of the 
power source (wind); they require back-up generation such as gas generators to allow for 
the uncertainty and variability (Puga, 2010). The power output of a wind turbine depends 
upon the air density and wind speed at hub height (Diaz et al., 2018). The stochastic 
nature of wind is exacerbated by the fact that wind power generation is proportional to 
the cube of wind speed (Kaffine et al., 2012). Therefore if the wind speed halves, there is 
an eight-fold decrease in power output generation. The wind turbine power output varies 
rapidly, even when several sites are connected together (Katzenstein and Apt, 2009). The 
back-up (embedded) generators operate more efficiently when operating steadily near 
maximum capacity; operating at partial capacity may increase emission rates. Emissions 
rates can also change during ramping (Cullen, 2013). Periods, when a generator is 
ramping up, will have higher than average emission rates, and a lower emission rate when 
the generator is ramping down, although the effect is not necessarily symmetric. Much of 
the literature utilises modelled wind turbine data to predict and estimate the CO2 emission 
savings as a result of embracing wind turbine technology (Katzenstein and Apt, 2009; 
Kose et al., 2014; Kaffine et al., 2012). There is a dearth of published literature 
demonstrating the actual measured benefits of embracing wind turbines as alternative 
energy systems. There is also a lack of peer-reviewed published literature indicating the 
quality of the power output from wind turbines. Such literature would indicate the degree 
to which the power output is varying. 
3.2.3 Ireland’s import energy dependency 
A second significant anticipated advantage of Ireland embracing indigenous renewable 
energy sources (SSM) is to contribute to a reduction in the country’s dependence on 
imported fossil fuel (Gaffney et al., 2017). A November 2015 report ‘Energy in Ireland 
1990 – 2014’ commissioned by the Sustainable Energy Authority of Ireland (SEAI) 
claims that while there was a modest reduction in overall energy use by 0.5% in 2014, 
Ireland still had an import dependency of 85% in 2014, costing €5.7 billion. According to 
Eurostat, the EU’s official statistics body, only Malta, Luxembourg, and Cyprus fared 
worse in terms of imported energy dependency in 2014. The UK had an imported energy 
dependency of 45.5%, below the European average of 53.4%. A step change was 
observed in Ireland’s energy import dependency from 88% in 2015 to 66% in 2017 as a 
result of the Corrib gas field starting production. The final consumption of electricity in 
2014 was almost static in the previous year at 24.14 TWh’s with a 0.7% reduction in the 
fuel inputs. The final electricity consumption figures were sourced from data provided by 
the Commission for Energy Regulation (CER). As part of its role, the CER jointly 
regulates the all-Ireland wholesale Single Electricity Market (SEM) with the utility 
regulator in Belfast. The data is collected from the retail market reports published by the 
seven current active suppliers in the electricity retail business and domestic markets. A 
nine-year summary of final electricity consumption was: 
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• 26 TWh (2017) 
• 26 TWh (2016) 
• 25.49 TWh (2015) 
• 24.14 TWh (2014) 
• 24.2 TWh (2013) 
• 24.2 TWh (2012) 
• 24.9 TWh (2011) 
• 25.4 TWh (2010) 
• 25.3 TWh (2009). 
3.2.4 Irish energy benchmarks 
Progress towards Ireland becoming a leader in sustainability and a better society with 
particular emphasis on all aspects of energy is overseen by the Sustainable Energy 
Authority Ireland (SEAI) with assistance from its specialist statistics team the Energy 
Policy Statistical Support Unit (EPSSU). Each year the SEAI produce a report on all 
aspects of energy in Ireland and the report is used in meeting its international reporting 
obligations, as well as advising policymakers and informing investment decisions (SEAI, 
2016, 2017, 2018). The SEAI ‘Energy in Ireland’ report states, among other things 
Ireland’s benchmarks for energy import dependency. Some historical energy import 
dependency benchmark values are 85% for 2012, 90% for 2013, 85% for 2014, 88% for 
2015, 69% for 2016 and 66% for 2017. The much-improved energy import dependency 
benchmark in 2016/2017 was as a result of the Corrib gas field coming on stream. If 
upstream electricity-related emissions are omitted, then there was a 2.6% increase in CO2 
emissions from combustible fuels used on-site in industry in 2017 [SEAI, (2018), p.52]. 
The increase in emissions is a cause for concern as Ireland struggles to achieve its 
decarbonisation goals. The SEAI (2018, p.18) report states that 33% of primary energy 
use in 2017 was energy used for electricity generation (the remainder being 32.4% for 
Heat and 34.6% for Transport). The 2017 value for gross generation of electricity 
increased by 1.1% to 26 TWh with a 1.1% reduction in the fuels used in electricity 
generation. The primary energy input was 4,753 ktoe [SEAI, (2018), p.22] of which wind 
contributed 640 ktoe and natural gas contributed 2,423 ktoe. One of the striking values in 
the SEAI (2018, p.22) report is that 50% of the 4,753 ktoe energy inputs are lost in both 
‘own use/transmission loss’ (254 ktoe) and ‘electricity transformation loss’ (2,132 ktoe), 
also noticeable in SEAI (2017, p.20). It was anticipated that the increasing use of  
high-efficiency combined-cycle-gas-turbine (CCGT) plants such as Tynagh (384 MW) in 
2006 and Huntstown 2 in 2007 (401 MW) would have significantly helped to improve the 
electricity supply efficiency. Also, two new CCGT plants became operational in 2010 
namely Whitegate and Aghada, and in 2015 a new 460 MW CCGT went into commercial 
operation in Great Island [SEAI, (2018), p.23]. However, the Year/Percentage Loss 
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positive expectation and surely warrant more intense scrutiny. The efficiency is defined 
as the final consumption of electricity divided by the fuel inputs required to generate this 
electricity and expressed as a percentage. As more renewable energy sources, particularly 
wind, are added to the national electricity grid, the efficiency of the system should 
increase. Wind is termed a direct electricity input and does not have the transformation 
losses associated with fossil fuels and combustible renewables [SEAI, (2018), p.23]. By 
the end of 2017, the installed capacity of wind generation reached 3,318 MW [SEAI, 
(2018), p.35]. There are 1,458 MW of additional wind generation planned for connection 
in 2018 [SEAI, (2017), p.34]. These values suggest that wind is a significant contributor 
to the electricity generation mix. As an example of the overall instantaneous magnitude 
of the electricity system demand in Ireland, the actual system demand for 5 February 
2019 is demonstrated in Figure 2. The peak demand of 6,122 MW (approximately  
6.1 GW) occurred at 18:00 hours. In comparison, Denmark has a peak demand of 6 GW 
and Germany has a peak demand of 80 GW (Senatia and Bansal, 2018). 
Figure 2 Daily load curve for 5 February 2019 
 
Source: Eirgrid (2019) 
In addition to the positives associated with high-efficiency CCGT generators and the 
increase in installed wind capacity, a third factor was expected to contribute to much 
improved energy benchmarks namely the amount of capital (€5.695 billion) invested  
by ESB Networks in the upgrading of its electricity infrastructure between the years 
2006–2016 (ESB Networks, 2017) as shown in Table 3. 
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Table 3 ESB networks spend on infrastructure 













Table 4 Year/percentage loss energy benchmarks for electricity generation 









2017 4,753 254 2,132 50% 
2016 4,812 254 2,242 52% 
2015 4,499 245 2,046 51% 
2014 4,365 262 1,960 51% 
2013 4,382 262 2,004 52% 
2012 4,622 270 2,244 54% 
2011 4,506 272 2,097 53% 
2010 4,925 282 2,445 55% 
2009 4,840 281 2,402 55% 
2008 5,102 303 2,518 55% 
2007 5,043 229 2,550 55% 
2006 5,116 303 2,690 59% 
2005 5,100 280 2,726 59% 
The annual carbon intensity of electricity benchmark is shown in Table 5. To calculate 
the figures shown in Table 5, SEAI firstly surveys all the electricity generators for their 
fuel usages and electricity produced figures, which they check against emissions trading 
figures to verify. SEAI then take those fuel quantities and use emission factors which 
they get directly from the Environmental Protection Agency (EPA) to calculate the 
amount of CO2 produced, and then divide that by the amount of electricity produced to 
get carbon intensity. Information on CO2 emission factors and net calorific values (NCV) 
are available for liquid, solid, and gaseous fossil fuels in the EPA’s publication ‘Ireland’s 
National Inventory Report 2018 – Greenhouse Gas Emissions 1990–2016’ (Table 4C of 
Annex 4, p.563). The calorific value of a substance is the amount of energy that is 
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released when burning a given amount of the substance. As wind turbines produce 
carbon-neutral electrical energy that ‘offsets’ fossil-fuel generated energy, the quantity of 
fossil fuel required to supply the national electrical load should decrease, and this is 
expected to be reflected in the carbon intensity of electricity benchmark. 
Table 5 Carbon intensity of electricity benchmarks 













Source: SEAI (2018) 
3.2.5 Installed capacity of wind generators in Ireland 
The share of electricity generated by wind in 2017 was reported to be 24.8% (25.2% 
normalised, [SEAI, (2018), p.23]. The value is calculated according to EU Directive 
2009/28/EC and includes normalisation rules for wind. The EU Directive states that 
electricity from wind (and hydro) needs to be normalised to smooth out the effects of 
annual variations. Normalised generation is calculated using the weighted average load 
factor over the last five years for wind. In 2014 wind generation accounted for just 18.2% 
of electricity generated despite the increase in the number of wind turbine installations. 
Based on data published on Eirgrid’s and ESB Network’s websites, the installed capacity 
of wind generation in Ireland reached 3,318 MW by the end of 2017, and also there are 
1,458 MW of additional wind generation planned for connection in 2018 (total capacity 
4,776 MW) [SEAI, (2017), p.34]. The overall share of fossil-fuels used in electricity 
generation was 80.8% in 2014, down modestly from 82.6% in 2013. The total installed 
capacity of fossil-fuel driven generators is approximately 6,230 MW of electrical power 
indicated by the red horizontal line in Figure 3 (Eirgrid, 2015). A five-year summary 
showing the significant increases in installed wind capacity connected to the national grid 
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Figure 3 Comparison of installed wind capacities in MW (green) and fossil-fuel generation 
capacity in MW (red) (see online version for colours) 
 
Analysing the numbers in Figure 3, it would appear that it is reasonable to expect more 
substantial savings and benefits considering the increase in installed wind capacity 
currently being experienced in Ireland. A lack of empirical data on the ramping effect of 
short-duration wind variation may contribute to the conflict between the estimated 
benefits of wind turbine generated power and actual benefits. Kose et al. (2014) 
predicted a payback period (PP) of 6.44 years for a 6 MW wind farm in Turkey. Kealy 
(2014) used actual data on a 10-kW three-phase synchronous wind turbine found a PP of 
23 years. This actual measured data calculation is in contrast to many predicted 
calculations, so caution needs to be applied when businesses are embracing wind turbines 
for CSR/SD purposes. The owner/investor of the 10-kW wind turbine did not see any 
significant reduction in the number of imported energy units, kWh’s after the turbine was 
installed. An empirical study by Kealy (2017) also found no savings in CO2 emissions 
despite a €280,000 investment in an on-site embedded wind turbine project. Another 
empirical piece of research by Kealy et al. (2015) investigated the output of a 3.5 MW 
wind farm in Ireland and found satisfactory outcomes in terms of the capacity factor and 
the number of kWh units produced annually. However, the annual kWh energy output 
from the wind farm, 9,808,318 kWh’s, were metered digitally and fed directly into the 
national grid (38 kV sub-station) and there was no further independent research to find 
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Figure 4 CO2 energy benchmarks and wind-generator capacity (see online version for colours) 
 
Note: % difference on the previous year. 
There is no direct correlation between an increase in wind-generator capacity connected 
to the Irish national grid and a reduction in the quantity of CO2 emitted into the 
atmosphere as a result of generating one kWh unit of electrical energy based on the data 
presented in Figure 4. It is a hypothesis of this study that a substantial reduction in the 
CO2 value would be the case. In 2015 and 2016 there was a significant increase in  
wind-generator capacity, but the energy benchmarks values increased, i.e., +2.4% and 
+3.2% respectively? In 2017 there was another increase in wind-generated power, and 
while the energy benchmark did improve, i.e., decrease, there is insufficient evidence to 
suggest a correlation exists between the two variables. 
The lack of empirical research into the measurement of wind turbine effectiveness is 
worrying and may be stifling intellectual debate on the issue. In the national, Irish, 
narrative, Waters (2015) claims that there appears to be a lack of intellectualism and a 
group-think approach to many aspects of Irish society perhaps the wind energy debate 
being one such aspect. The groupthink claim is also one of the issues discussed in an 
Irish-based (and Denmark) study by Heaslip et al. (2016) who determine the enablers and 
barriers to implementing productive, sustainable energy communities. While influential 
organisations promote debate, plainly more detailed, independent, research needs to be 
carried instead of calls for ‘consensus-seeking’ conversations and listing corporations 
who have spent millions of Euro investing in wind turbine projects (Melia, 2015) without 
an independent appraisal of these projects. Independent research is needed to make 
claims about turbine installations, and this current research is contributing to that debate. 
A wind turbine embedded electrical generator is expected to reduce GHG emissions by 
offsetting electrical energy units usually supplied by fossil-fuel burning generators. 
However, it must be remembered that wind power output is variable, and when business 
owners/investors are making decisions of the appropriate wind turbine size and 
technology, it is useful to have metrics regarding wind turbine variability (Boutsika and 
Santoso, 2013). This current critique of wind turbine effectiveness will inform interested 
stakeholders in this regard. 
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4 Conclusions 
The increase in wind-generator capacity year-on-year is an indication of the public and 
private confidence in the role of wind turbines to contribute to ‘decarbonise’ the 
generation of electrical energy in Ireland currently. This study aims to review and 
evaluate the effectiveness of wind turbine installations in efforts to reduce the amount of 
energy-related CO2emissions in Ireland. The study hypothesises that a significant 
increase in installed capacity of carbon-neutral wind turbines would significantly reduce 
the national carbon intensity of electricity benchmark values. This hypothesis does not 
hold for this current study. Publicly available energy benchmark data are utilised in the 
evaluation process. A limitation of the benchmarking process utilised in this research is 
that, because it has several variables involved in the process, benchmarking is not an 
exact science; it is merely an indicator by which further investigations may need to be 
directed. As the predominant renewable electricity energy source, wind is expected to 
play a significant role in Ireland’s efforts to reach EU binding renewable energy targets. 
Based on the findings of this study, there is minimal evidence to suggest that wind 
turbines are contributing significantly to a reduction in CO2 emissions. The findings can 
be summarised as follows: 
• there was a 43% increase in installed wind capacity connected to the Irish electricity 
grid between 2014 and 2017 
• between 2014 and 2017 there was a small reduction in the carbon intensity of 
electricity benchmark of just 5% 
• the ‘percentage loss’ benchmark for electricity generation has not seen any 
significant improvements despite the significant resources assigned to the electricity 
system. 
The findings of this current Irish-based review study concur with the research findings of 
Huenteler et al. (2018) who concluded that despite the significant investment in wind 
turbine installations in China, the expected environmental, economic, and health benefits 
did not materialise. However, Li and Yu (2018) argue that wind energy will continue to 
be one of the most important renewable energy resources worldwide. In their study on the 
potential energy output from three sites in the Lake Erie area of the USA, Li and Yu 
(2018) use a simulation method to forecast the energy produced by the wind. 
A core idea with a review methodology is to identify areas in which further research 
could be beneficial, and in this context, further investigations are recommended into the 
empirical measurement of the quality of power generated by wind turbines, instead of a 
simulated/modelled approach. If it is the case that the wind-generated power quality is 
poor, is this a contributory factor in the disappointing energy benchmark values? Do 
power quality analysers’ measure the variations in wind turbine power output as this 
variability aspect has been identified in the published literature as affecting carbon 
emission rates (Cullen, 2013)? These questions provide future research directions and 
opportunities in the struggles to mitigate climate change and global warming. 
   
 
   
   
 
   
   
 
   
   288 T. Kealy    
 
    
 
 
   
   
 
   
   
 
   
       
 
References 
Amarasekara, B., Ranaweera, C., Evans, R. and Nirmalathas, A. (2018) ‘Hierarchical aggregation 
method for a scalable implementation of demand side management’, Computers & Operations 
Research, Vol. 96, No. 8, pp.188–199, DOI: 10.1016/j.cor.2017.10.008. 
Anderson, T.R., Hawkins, E. and Jones, P.D. (2016) ‘CO2, the greenhouse effect and global 
warming: from the pioneering work of Arrhenius and Callendar to today’s Earth system 
models’, Endeavour, September, Vol. 40, No. 3, pp.178–187. 
Andrade, J.C.S. and Puppim de Oliveira, J.A. (2015) ‘The role of the private sector in  
global climate and energy governance’, Journal of Business Ethics, August, Vol. 130, No. 2, 
pp.375–387. 
Anvari, S. and Turkay, M. (2017) ‘The facility location problem from the perspective of triple 
bottom line accounting of sustainability’, International Journal of Production Research,  
Vol. 55, No. 21, pp.6266–6287, DOI: 10.1080/00207543.2017.1341064. 
Arbabzadeh, M., Johnson, J.X., De Kleine, R. and Keoleian, G.A. (2015) ‘Vanadium redox flow 
batteries to reach green house gas emissions targets in an off-grid configuration’, Applied 
Energy, Vol. 146, No. 5, pp.397–408, DOI: 10.1016/j.apenergy.2015.02.005. 
Bergin, M. (2011) ‘NVivo 8 and consistency in data analysis: reflecting on the use of a qualitative 
data analysis program’, Nurse Researcher, Vol. 18, No. 3, pp.6–12. 
Boiral, O., Henri, J-F. and Talbot, D. (2012) ‘Modeling the impacts of corporate commitment on 
climate change’, in Business Strategy and the Environment, December, Vol. 21, No. 8, 
pp.495–516, John Wiley, DOI 10.1002/bse.723. 
Boutsika, T. and Santoso, S. (2013) ‘Quantifying the effect of wind turbine size and technology on 
wind power variability’, Power and Energy Society General Meeting, IEEE, pp.1–5, DOI: 
10.1109/PESMG.2013.6672587. 
British Wind Energy Association (2016) http://www.bwea.org (accessed 2 November 2016). 
Cai, W., Grant, H. and Pandey, M. (2018) ‘Vintage capital, technology adoption and electricity 
demand-side management’, Energy Journal, March, Vol. 39, No. 2, pp.219–231, DOI: 
10.5547/01956574.39.2.wcai. 
Carrington, D. (2016) ‘Oil firms announce $1bn climate fund to reduce impact of fossil fuels’,  
The Guardian, Saturday, 5 November, Financial, p.32. 
Catalin, C. and Nicoleta, R. (2011) ‘International biomass trade and sustainable development:  
an overview’, Annals of the University of Oredea, Economic Science Series, Vol. 20, No. 2, 
pp.47–54. 
Chen, L., Olhager, J. and Tang, O. (2014) ‘Manufacturing facility location and sustainability:  
a literature review and research agenda’, International Journal of Production Economics,  
Vol. 149, No. 3, pp.154–163, DOI: 10.1016/j.ijpe.2013.05.013. 
Cozier, M. (2019) ‘The 24th United Nations COP climate change summit’, Greenhouse Gases: 
Science and Technology, Vol. 9, No. 1, pp.6–9, DOI: 10.1002/ghg.1849. 
Cullen, J. (2013) ‘Measuring the environmental benefits of wind-generated electricity’, American 
Economic Journal: Economic Policy, Vol. 5, No. 4, pp.107–133, DOI: 10.1257/pol.5.4.107. 
Daisuke, H., Huenteler, J. and Lewis, J. (2018) ‘Gone with the wind: a learning curve analysis of 
china’s wind power industry’, Energy Policy, September, Vol. 120, No. 9, pp.38–51, DOI: 
10.1016/j.enpol.2018.05.012. 
Diaz, S., Carta, J.A. and Matias, J.M. (2018) ‘Performance assessment of five MCP models 
proposed for the estimation of long-term wind turbine power outputs at a target site using 
three machine learning techniques’, Applied Energy, January, Vol. 209, No. 1, pp.455–477, 
DOI: 10.1016/j.apenergy.2017.11.007. 
Eirgrid (2015) Connected TSO Non-Wind Generators, 18 September [online] 
http://www.eirgridgroup.com (accessed 8 December 2015). 
Eirgrid (2019) [online] http://www.eirgridgroup.com (accessed 24 June 2019). 
Element Power (2016) http://www.elpower.com (accessed 2 November 2016). 
   
 
   
   
 
   
   
 
   
    A review of CO2 emission reductions due to wind turbines 289    
 
    
 
 
   
   
 
   
   
 
   
       
 
Elkington, J. (1997) Cannibal with forks: The Triple Bottom Line of 21st Century Business, 
Gabriola Island, BC, Capstone. 
Enercon (2016) http://www.enercon.de/en/home/ (accessed 8 November 2016). 
ESB Networks (2017) Distribution Code, Version 5.0, April 2016, Section DCC11.3.4.1 [online] 
http://www.esbnetworks.ie (accessed 28 November 2017). 
Firestone, J., Hoen, B., Rand, J., Elliott, D., Hubner, G. and Pohl, J. (2018) ‘Reconsidering barriers 
to wind power projects: community engagement, developer transparency, and place’, Journal 
of Environmental Policy & Planning, Vol. 20, No. 3, DOI: 10.1080/1523908X.2017.1418656. 
Friemann, G. (2018) ‘Energy companies line up to prise off gaelectric’s assets’, Irish Independent, 
19 February. 
Gaelectric [online] http://www.gaelectric.ie (accessed 2November 2016). 
Gaffney, F., Deane, J.P. and O’Gallachoir, B.P. (2017) ‘A 100 year review of electricity policy in 
Ireland (1916–2015), Energy Policy, Vol. 105, pp.67–79, DOI: 10.1016/j.enpol.2017.02.028. 
Galupa, A., Hartulari, C. and Spataru, S. (2014) ‘The environment pollution in terms of system 
theory and multicriterial decisions’, Economic Computation & Economic Cybernetics Studies 
& Research, Vol. 48, No. 4, pp.175–189. 
Gamesa (2016) http://www.gamesacorp.com/en/ (accessed 8 November 2016). 
GE Renewable Energy (2016) https://www.gerenewableenergy.com/wind-energy/turbines.html 
(accessed 8 November 2016). 
Ghoseiri, K. and Lessan, J. (2014) ‘Waste disposal site selection using an analytic hierarchal 
pairwise comparison and ELECTRE approaches under fuzzy environment’, Journal of 
Intelligent & Fuzzy Systems, Vol. 26, No. 2, pp.693–704, DOI: 10.3233/IFS-120760. 
Global Wind Energy Council (2016) [online] http://www.gwec.net (accessed 2 November 2016). 
Goldwind (2016) http://www.goldwindglobal.com/web/index.do (accessed 8 November 2016). 
Gonzalez, J.S. and Lacal-Arantegui, R. (2016) ‘A review of regulatory framework for wind energy 
in European Union countries: current state and expected developments’, Renewable and 
Sustainable Energy Reviews, April, Vol. 56, No. 4, pp.588–602. 
Hayashi, D., Huenteler, J. and Lewis, J. (2018) ‘Gone with the wind: a learning curve analysis of 
China’s wind power industry’, Energy Policy, September, Vol. 120, No. 9, pp.38–51, DOI: 
10.1016/j.enpol.2018.05.017. 
Heaslip, E., Costello, G.J. and Lohan, J. (2016) ‘Assessing good-practice frameworks for the 
development of sustainable energy communities in Europe: lessons from Denmark and 
Ireland’, Journal of Sustainable Development of Energy, Water and Environmental Systems, 
Vol. 4, No. 3, pp.307–319, DOI: 10.13044/j.sdewes.2016.04.0024. 
Henaghan, D. (2013) Analysis of the Capacity Factor of Irish Wind Energy, Dissertation as part of 
the MSc in Energy Management (DT711), Dublin Institute of Technology. 
Holme, L. and Watts, P (2000) Corporate Social Responsibility; Making Good Business Sense, 
World Business Council for Business Development, Geneva. 
Hrasky, S. (2012) ‘Carbon footprints and legitimation strategies: symbolism or action?’, 
Accounting, Auditing & Accountability Journal, Vol. 25, No. 1, pp.174–198. 
Huenteler, J., Tang, T., Chan, G. and Anadon, L.D. (2018) ‘Why is China’s wind  
power generation not living up to it’s potential?’, Environmental Research Letters, March, 
Vol. 13, No. 4, pp.1–10. 
International Energy Agency (2018) Global Energy Demand Grew by 2.1% in 2017, and Carbon 
Emissions Rose for the First Time Since 2014 [online] http::/www.iea.org (accessed 13 
September 2018). 
IPCC (2013) Intergovernmental Panel on Climate Change, Summary for Policymakers [online] 
https://www.ipcc.ch/pdf/assessment-report/ar5/wg1/WG1AR5_SPM_FINAL.pdf (accessed 16 
January 2016). 
Irish Wind Energy Association (2016) http://www.iwea.com (accessed 2 November 2016). 
   
 
   
   
 
   
   
 
   
   290 T. Kealy    
 
    
 
 
   
   
 
   
   
 
   
       
 
Jones, G. and Bouamane, L. (2011) Historical Trajectories and Corporate Competences in Wind 
Energy, Working Papers – Harvard Business School Division of Research, Paper No. 11-112, 
4 May, DOI: org/10.2139/ssm.1831471. 
Kaffine, D.T., Brannin, J.M. and Lieskovsky, J. (2012) Emissions Savings from Wind Power 
Generation: Evidence from Texas, California, and the Upper Midwest, Colorado School of 
Mines Division of Economics and Business Working Paper 2012-03. 
Karassin, O. and Bar-Haim, A. (2016) ‘Multilevel corporate environmental responsibility’, Journal 
of Environmental Management, December, Vol. 183, Part 1, pp.110–120. 
Katzenstein, W. and Apt, J. (2009) ‘Air emissions due to wind and solar power’, Environmental 
Science & Technology, Vol. 43, No. 2, pp.253–258, DOI: 10.1021/es801437t. 
Kealy, T. (2014) ‘Financial appraisal of a small scale wind turbine with a case study in Ireland’, 
Journal of Energy and Power Engineering, April, Vol. 8, No. 4, pp.620–627. 
Kealy, T. (2017) ‘Does an embedded wind turbine reduce a company’s electricity bill? Case study 
of a 300-kW wind turbine in Ireland’, Journal of Business Ethics, October, Vol. 145, No. 2, 
pp.417–428, DOI: 10.1007/s10551-015-2837-44. 
Kealy, T., Barrett, M. and Kearney, D. (2015) ‘How profitable are wind turbine projects?  
An empirical analysis of a 3.5 MW wind farm in Ireland’, International Journal on Recent 
Technologies in Mechanical and Electrical Engineering, April, Vol. 2, No. 4, pp.58–63. 
Kose, F., Aksoy, M.H. and Ozgoren, M. (2014) ‘An assessment of wind energy potential to meet 
electricity demand and economic feasibility in Konya, Turkey’, International Journal of 
Green Energy, Vol. 11, No. 6, pp.559–576. 
Langer, K., Decker, T., Roosen, J. and Menrad, K (2016) ‘A qualitative analysis to understand the 
acceptance of wind energy in Bavaria’, Renewable and Sustainable Energy Reviews, October, 
Vol. 64, No. 10, pp.248–269. 
Li, J. and Yu, X. (2018) ‘Onshore and offshore wind energy potential assessment near Lake Erie 
shoreline: a spatial and temporal analysis’, Energy, Vol. 147, No. 3, pp.1092–1107, DOI: 
10.1016/j.energy.2018.01.118. 
Lin, W., Wen, J., Chang, S. and Lee, W-J. (2011) ‘An investigation on the active-power variations 
of wind farms’, IEEE Transactions on Industry Applications, May/June, Vol. 48, No. 3, 
pp.1087–1094. 
Lock, I. and Seele, P. (2016) ‘Deliberate lobbying? Toward a noncontradiction of corporate 
political activities and corporate social responsibility?’, Journal of Management Inquiry, 
October, Vol. 25, No. 4, pp.415–430. 
Ma, Y., Zhang, Z., Zhang, F. and Liu, Z. (2019) ‘How might shandong achieve the 2030 CO2 
emission target? A system dynamics analysis from the perspective of energy supply-side 
structural reform in China’, International Journal of Global Warming, Vol. 17, No. 4,  
pp.357–372, DOI: 10.1504/IJGW.2019.099801. 
Mainstream Renewable Power (2016) http://www.mainstreamrp.com (accessed 2 November 2016). 
Maniora, J. (2018) ‘Mismanagement of sustainability: what business strategy makes the difference? 
Empirical evidence from the USA’, Journal of Business Ethics, pp.931–947, DOI: 
10.1007/s10551-018-3819-0. 
Mauricio, A., Qi, J. and Gryllias, K. (2018) Vibration Based Condition Monitoring of Wind Turbine 
Gearboxes on Cyclostationary Analysis, ASME Turbo Expo 2018, Vol. 9, Oslo, Norway,  
11–15 June, ISBN: 978-0-7918-5118-0. 
McCarthy, T.K., Frankiewicz, P., Cullen, P., Blaszkowski, M., O’Connor, W. and Doherty, D. 
(2008) ‘Long-term effects of hydropower installations and associated river regulation on river 
Shannon eel populations: mitigation and management’, Hydrobiologia, Vol. 609, No. 1, 
pp.109–124, DOI: 10.1007/s10750-008-9395-z. 
Melia, P. (2015) ‘Critics of wind energy ‘stoke fake technology fears’ despite success; debate is 
needed to allay public concerns’, Irish Independent, 24 November, Tuesday, News, p.19. 
Nordex (2016) http://www.nordex-online.com/en (accessed 8 November 2016). 
   
 
   
   
 
   
   
 
   
    A review of CO2 emission reductions due to wind turbines 291    
 
    
 
 
   
   
 
   
   
 
   
       
 
Ozer, B., Incecik, S. and Gorgun, E. (2017) ‘The evaluation of CO2 emissions mitigation scenarios 
for Turkish electricity sector’, International Journal of Global Warming, Vol. 11, No. 2, 
pp.157–181, DOI: 10.1504/IJGW2017.082178. 
Perego, P. and Kolk, A. (2012) ‘Multinationals’ accountability on sustainability: the evolution of 
third-party assurance of sustainability reports’, Journal of Business Ethics, October, Vol. 110, 
No. 2, October, pp.173–190, DOI 10.1007/s10551-012-1420-5. 
Perkins, G. (2018) ‘Techno-economic comparison of the levelised cost of electricity generation 
from solar PV and battery storage with solar PV and combustion of bio-crude using first 
pyrolysis of biomass’, Energy Conversion and Management, Vol. 171, pp.1573–1588, DOI: 
10.1016/j.econman.2018.06.090. 
Petrovic, M., Bojkovic, N., Stamenkovic, M. and Anic, I. (2018) ‘A sensitivity analysis of electre 
based stepwise benchmarking for policy: the case of EU digital agenda’, Management: 
Journal of Sustainable Business and Management Solutions in Emerging Economies, Vol. 23, 
No. 2, pp.1–13, DOI: 10.7595/management.fon.2018.0003. 
Pinkse, J. and Kolk, A. (2010) ‘Challenges and trade-offs in corporate innovation for climate 
change’, Business Strategy and the Environment, May, Vol. 19, No. 4, pp.261–272, John 
Wiley & Sons Inc. 
Prado-Lorenzo, J-M. and Garcia-Sanchez, I-M. (2010) ‘The role of the board of directors in 
disseminating relevant information on greenhouse gases’, Journal of Business Ethics, 
December, Vol. 97, No. 3, pp.391–424. 
Puga, J. (2010) The importance of combined cycle generating plants in integrating large levels of 
wind power generation’, The Electricity Journal, Vol. 23, No. 7, pp.33–44. 
Pusat, S. and Akkoyunlu, M.T. (2018) ‘Evaluaton of wind energy potential in a university campus’, 
International Journal of Global Warming, Vol. 14, No. 1, pp.118–130. 
Roy, S. (2013) ‘Power output by active pitch-regulated wind turbine in presence of short duration 
wind variations’, IEEE Transactions on Energy Conversion, December, Vol. 28, No. 4, 
pp.1018–1025. 
Rustin, S. (2019) ‘Our lives must be transformed to defeat this climate crisis’, The Guardian, 
Opinion and Ideas, Saturday, 15 June, pp.1–2. 
Santos, R.F., Antunes, P., Ring, I. and Clemente, P. (2015) ‘Engaging local private and public 
actors in biodiversity conservation: the role of agri-environmental schemes and ecological 
fiscal transfers’, Environmental Policy & Governance, March/April, Vol. 25, No. 2, pp.83–96, 
DOI: 10.1002/eet.1661. 
Senatia, M. and Bansal, R.C. (2018) ‘Review of planning methodologies used for determination of 
optimal generation capacity mix: the cases of high shares of PV and wind’, IET Renewable 
Power Generation, Vol. 12, No. 11, pp.1222–1233, DOI: 10.1049/iet-rpg.2017.0380. 
Senvion (2016) https://www.senvion.com/global/en/ (accessed 8 November 2016). 
Sgobba, A. and Meskell, C. (2019) ‘On-site renewable electricity production and self consumption 
for manufacturing industry in ireland: sensitivity to techno-economic conditions’, Journal of 
Cleaner Production, Vol. 207, pp.894–907, DOI: 10.1016/jclepro.2018.09.260. 
Siemens (2016) http://www.siemens.com/global/en/home/markets/wind/turbines.html (accessed 8 
November 2016). 
Snell, M.J. (2010) ‘Solving the problems of groupthink in health care facilities through the 
application of practical originally’, Global Management Journal, No. 2, ISSN 2080-2951. 
Sustainable Energy Authority Ireland (SEAI) (2016) Energy in Ireland 1990–2015, 2016 Report, 
November [online] http://www.seai.ie/Publications/Statistics_Publications/Energy_in_Ireland/ 
Energy-in-Ireland-1990-2015.pdf (accessed 5 June 2017). 
Sustainable Energy Authority Ireland (SEAI) (2017) Energy in Ireland 1990–2016, 2017 Report, 
December [online] https://www.seai.ie/resources/publications/Energy-in-Ireland-1990-2016-
Full-report.pdf (accessed 12 December 2017). 
 
 
   
 
   
   
 
   
   
 
   
   292 T. Kealy    
 
    
 
 
   
   
 
   
   
 
   
       
 
Sustainable Energy Authority Ireland (SEAI) (2012) Quantifying Ireland's Fuel and CO2 
Emissions Savings From Renewable Electricity in 2012 [online] http://www.seai.ie/ 
publications/Quantifying-Irelands-Fuel-and-CO2-Emissions-Savings-from-Renewable-
Electricity-in-2012.pdf (accessed 18 October 2019). 
Sustainable Energy Authority Ireland (SEAI) (2018) Energy in Ireland 1990–2017, 2018 Report, 
December [online] https://www.seai.ie/resources/publications/Energy-in-Ireland-2018.pdf 
(accessed 24 June 2019). 
Sustainable Energy Authority of Ireland (SEAI) (2015) Energy in Ireland 1990–2014, 2015 Report 
[online] http://www.seai.ie (accessed 8 December 2015). 
Tian, W. and De Wilde, P. (2016) ‘Impact of global warming on thermal performance of domestic 
buildings using probabilistic climate data’, International Journal of Global Warming, Vol. 10, 
No. 4, pp.514–535, DOI: 10.1504/IJGW.2016.079786. 
Tsurumi, T. and Managi, S. (2014) ‘The effect of trade openness on deforestation: empirical 
analysis for 142 countries’, Environmental Economics & Policy Studies, October, Vol. 16,  
No. 4,pp.305–324, DOI: 10.1007/s10018-012-0051-5. 
United Power [online] http://www.gdupc.com.cn/defaultEn.aspx (accessed 8 November 2016). 
Vestas (2016) https://www.vestas.com/ (accessed 8 November 2016). 
Wan, Y-H (2004) Wind Power Plant Behaviours: Analyses of Long-Term Wind Power Data, 
Technical Report, National Renewable Energy Laboratory, Colorado, USA, September, 
NREL/TP-500-36551. 
Wang, S., Wang, S. and Liu, J. (2019) ‘Life Cycle green-house gas emissions of on-shore and off-
shore wind turbines’, Journal of Cleaner Production, Vol. 210, No. 2, pp.804–810, DOI: 
10.1016/j.jclepro.2018.11.031. 
Warren, C.R., Lumsden, C., O’Dowd, S. and Birnie, R.V. (2005) ‘Green on green: public 
perceptions of wind power in Scotland and Ireland’, Journal of Environmental Planning & 
Management, November, Vol. 48, No. 6, pp.853–875, DOI: 10.1080/09640560500294376. 
Waters, J. (2015) ‘Nuance or subtlety unwelcome at an RTE that’s still in Groupthink’s grip’, 
Sunday Independent, 5 April, News, p.23. 
Weber, O., Diaz, M. and Schwegler, R. (2014) ‘Corporate social responsibility of the financial 
sector – strengths, weaknesses and the impact on sustainable development’, Sustainable 
Development, Vol. 22, No. 5, pp.321–335, DOI: 10.1002/sd.1543. 
Whaley, L. and Weatherhead, E. (2016) ‘Managing water through change and uncertainty: 
comparing lessons from the adaptive co-management literature to recent policy developments 
in England’, Journal of Environmental Planning & Management, October, Vol. 59, No. 10, 
pp.1775–1794. 
Wind Power Monthly (2016) http://www.windpowermonthly.com (accessed 5 September 2016). 
Wolsink, M. and Breukers, S. (2010) ‘Contrasting the core beliefs regarding the effective 
implementation of wind power. an international study of stakeholder perspectives’, Journal of 
Environmental Planning and Management, July, Vol. 53, No. 5, pp.535–558, DOI: 
10.1080/09640561003633581. 
Woo, T.H. and Cho, H. S. (2018) ‘Nonlinear modelling for greenhouse effect related to global 
warming incorporated with the nuclear industry using neural networking theory’, International 
Journal of Global Warming, Vol. 16, No. 3, pp.337–346, DOI: 10.1504/IJGW.2018.095386. 
Xu, J., Li, L. and Zheng, B. (2016) ‘Wind energy generation technological paradigm diffusion’, 
Renewable and Sustainable Energy Reviews, June, Vol. 59, No. 6, pp.436–449. 
Yang, M. (2016) http://www.mywind.com.cn/English/index.aspx (accessed 8November 2016). 
